We present Widefield ASKAP L-band Legacy All-sky Blind Survey (WALLABY) early science results from the Australian Square Kilometre Array Pathfinder (ASKAP) observations of the NGC 7162 galaxy group. We use archival HIPASS and Australia Telescope Compact Array (ATCA) observations of this group to validate the new ASKAP data and the data reduction pipeline ASKAPsoft. We detect six galaxies in the neutral hydrogen (H i) 21-cm line, expanding the NGC 7162 group membership from four to seven galaxies. Two of the new detections are also the first H i detections of the dwarf galaxies, AM 2159-434 and GALEXASC J220338.65-431128.7, for which we have measured velocities of cz = 2558 and cz = 2727 km s −1 , respectively. We confirm that there is extended H i emission around NGC 7162 possibly due to past interactions in the group as indicated by the 40 • offset between the kinematic and morphological major axes for NGC 7162A, and its H i richness. Taking advantage of the increased resolution (factor of ∼ 1.5) of the ASKAP data over archival ATCA observations, we fit a tilted ring model and use envelope tracing to determine the galaxies' rotation curves. Using these we estimate the dynamical masses and find, as expected, high dark matter fractions of f DM ∼ 0.81 − 0.95 for all group members. The ASKAP data are publicly available.
INTRODUCTION
A galaxy's environment is known to have a strong impact on its morphology. Dressler (1980) first demonstrated the morphology-density relation from optical observations, tristan.reynolds@research.uwa.edu.au where, with increasing galaxy density, the fraction of earlytype, ellipticals increases and the fraction of late-type, spirals and irregulars decreases. The morphology-density relation indicates that over-dense environments shape the evolution of galaxies through the merger history and the accretion and stripping of neutral hydrogen gas, H i, which affects starformation history. Radio observations of H i provide another window on the environmental impact in situ. H i observations show a dependence of gas content with environment as spiral galaxies in dense environments, such as towards the centre of clusters, often have less H i and reduced star formation rates compared to isolated, field galaxies of the same size and morphology (e.g. Giovanelli & Haynes 1985; Solanes et al. 2001; Dénes et al. 2014; Odekon et al. 2016) . The H i mass function has also been shown to vary with galaxy environment and morphological type (e.g. Zwaan et al. 2005; Jones et al. 2018) . It follows that the density of the group and cluster environments influence the physical mechanisms responsible for changing galaxy H i composition and morphology.
Ram pressure stripping (the removal of H i gas and stars from a galaxy passing through a dense intergalactic medium, Gunn & Gott 1972; Chung et al. 2009 ) and harassment (interacting galaxies with high relative velocities, Moore et al. 1996 Moore et al. , 1998 are more common in clusters. In small groups, tidal stripping (low relative velocities between interacting galaxies, Moore et al. 1999; Koribalski & López-Sánchez 2009; English et al. 2010 ) and starvation (hot gas removed from the galaxy's extended halo, disrupting gas accretion, cutting off further gas infall onto the galaxy and quenching of star formation, Larson et al. 1980 ) are more typical. Physical mechanisms more commonly seen in clusters also act in groups. For instance, ram pressure stripping has been observed even in low density groups (e.g. Rasmussen et al. 2006 Rasmussen et al. , 2012 Westmeier et al. 2011) .
The H i content and physical mechanisms affecting galaxies in high density cluster environments have been well studied in the local Universe (e.g. Kenney et al. 2004; Jaffé et al. 2015) , in part due to the ability to efficiently observe a large number of galaxies in a small area of sky. Lower density group environments have been less studied due to the significantly increased telescope time required to obtain a galaxy sample comparable to even a single cluster.
Groups are important as they are the most common environment in which to find galaxies (e.g. Tully 1987; Gourgoulhon et al. 1992) . The environment begins to affect the H i content and evolution of galaxies while they are in low density groups. This physical process is known as pre-processing (e.g. Wevers et al. 1984; Zabludoff & Mulchaey 1998; Kern et al. 2008; Freeland et al. 2009; Kilborn et al. 2009; Koribalski 2012; Hess & Wilcots 2013) . In recent years, morphological and kinematic studies of individually resolved galaxy groups (e.g. Koribalski & Dickey 2004; Koribalski & Manthey 2005; Kilborn et al. 2005; Serra et al. 2013; Serra et al. 2015b; Hess et al. 2017 ) and surveys of a few dozen resolved groups (e.g. Brough et al. 2006; Kilborn et al. 2009; Pisano et al. 2011 ) have begun to build up a picture of H i in the group environment. However, large statistical samples currently only exist of global H i properties from surveys on single dish telescopes (e.g. HIPASS and ALFALFA, Barnes et al. 2001; Haynes et al. 2018, respectively) . Complementary to group studies are deep interferometric surveys of individual galaxies, such as the Westerbork Hydrogen Accretion in LOcal GAlaxieS survey (HALOGAS, Heald et al. 2011 ) and the ongoing Imaging Galaxies Inter-galactic and Nearby Environment survey (IMAGINE, PI A. Popping) and the MeerKAT Observations of Nearby Galactic Objects -Observing Southern Emitters survey (MHONGOOSE, de Blok et al. 2017 ) providing a comparison to the group environment. Large surveys of resolved isolated galaxies and galaxy groups require the ability to replicate the survey speed of single dish telescopes, but with increased resolution only achievable with an interferometer.
Additionally, resolved H i observations are used for estimating the total dynamical and dark matter masses of galaxies using their rotation curves (e.g. de Blok et al. 2001 Sofue & Rubin 2001; Oh et al. 2008 Oh et al. , 2011 Oh et al. , 2015 Westmeier et al. 2011 Westmeier et al. , 2013 . This is also one of the goals of the Local Volume H i Survey Oh et al. 2018) . A clear advantage of interferometric H i surveys, like WAL-LABY, will be the ability to map the dark matter distribution in gas-rich galaxies across the entire southern sky. If the central ∼ 2 kpc are resolved, H i rotation curves can also be used to differentiate among various proposed dark matter density profiles (e.g. pseudo-isothermal and NFW, Begeman et al. 1991; Navarro et al. 1997, respectively) .
ASKAP
Traditionally, radio telescopes built from paraboloidal reflector antennas have used large, single pixel feed-horn receivers, which limits the number of receivers that can be placed simultaneously at the focus of the antenna (e.g. 13 on the Parkes radio telescope multi-beam receiver). Phased array feeds (PAFs) are a recently developed type of receiver consisting of a plane of antenna elements that can form multiple beams on the sky simultaneously. The CSIRO Australian Square Kilometre Array Pathfinder (ASKAP) telescope is fitted with PAFs (DeBoer et al. 2009; Hampson et al. 2012; Hotan et al. 2014; Schinckel & Bock 2016) , which consist of 188 connected dipoles in a chequerboard pattern (Hay & O'Sullivan 2008) and can form up to 36 dual-polarisation beams on the sky, simultaneously covering a significantly larger area in a single pointing than traditional receivers. PAFs are the ideal receiver to expand an interferometer's instantaneous field of view, as antennas in an interferometric array are generally too small to accommodate multiple feed-horn receivers at the focus (i.e. 12 m vs 64 m diameter dish for ASKAP and Parkes, respectively).
The Widefield ASKAP L-band Legacy All-sky Blind Survey (WALLABY, Koribalski 2012 ) is one of the surveys that will take advantage of the wide field of view of the ASKAP PAFs. WALLABY will cover ∼ 75% of the sky observing an estimated 500000 galaxies in H i out to z < 0.26 (Duffy et al. 2012 ). Prior to the survey commencing, several early science fields, each a single 30 deg 2 field using 12 antennas (ASKAP-12) and limited bandwidth, have been observed for testing of ASKAP and validation of the ASKAP data reduction pipeline (ASKAPsoft). This work presents early science observations carried out with reduced bandwidths of 48, 192 and 240 MHz rather than the full ASKAP bandwidth of 304 MHz.
The NGC 7162 Galaxy Group
In this work we present the first ASKAP observations of the galaxy group consisting of NGC 7162, NGC 7162A, NGC 7166 and ESO 288-G025 (Maia et al. 1989; Fouque et al. 1992) . We also detect three additional galaxies, which we identify as possible group members: ESO 288-G033, AM 2159-434 and GALEXASC J220338.65-431128.7. The galaxies cover a velocity range of ∼ 2150 − 2750 km s −1 and are located within a ∼ 1.5×1.5 square degree area centred on α, δ = 22:01:00,−43:30:00; J2000. If we assume a distance to the group of ∼ 33.7 Mpc, NGC 7162 and NGC 7162A have a projected separation of ∼ 140 kpc and the most distant group member, ESO 288-G025, has a projected separation of ∼ 332 kpc from NGC 7162. We list archival and new galaxy parameters in Table 3 . For computed galaxy luminosity distances, we assume velocity uncertainties of 200 km s −1 from peculiar velocities (e.g. Springob et al. 2014) , giving distance uncertainties of ∼ 3.0 Mpc. The NGC 7162 group is ∼ 3.8 degrees to the north-west of the NGC 7232 triplet at the centre of the WALLABY early science field. Results of NGC 7232 triplet and IC 5201, also located near the centre of the NGC 7232 field, will be presented in Lee-Waddell et al. (in prep.) and Kleiner et al. (in prep.) , respectively. There are also archival observations covering NGC 7162, NGC 7162A and ESO 288-G033 taken with the Australia Telescope Compact Array (ATCA), which we use for validation of the ASKAP data.
We briefly summarise earlier radio observations of the different galaxies of the NGC 7162 group. NGC 7162 and NGC 7162A are late type spirals, detected and included in the H i Parkes All-Sky Survey catalogue (HIPASS, sources HIPASS J2159-43 and HIPASS J2200-43, respectively, Meyer et al. 2004) . Note however, the HIPASS detection of NGC 7162 is confused with NGC 7162A due to the Parkes beam size (∼ 15.5 arcmin), so the HIPASS measured spectrum and total flux for both galaxies are not separated. ESO 288-G025 and ESO 288-G033 are late type spirals, which are marginally detected in the HIPASS data, but not included in the HIPASS catalogue. AM 2159-434 and GALEXASC J220338.65-431128.7 are dwarf galaxies with no previous H i detection or distance measurement. This paper is structured as follows. In Section 2 we describe the ASKAP and ATCA observations and data reduction process. We present H i moment maps and spectra in Section 3 and our validation of the ASKAP observations and processing pipeline (ASKAPsoft 1 ). We use tilted-ring modelling and envelope tracing to derive the rotation curves and carry out mass modelling to estimate the dark matter mass in the galaxies in Sections 4 and 5. In Section 6 we calculate the H i gas mass and deficiencies of the group spiral galaxies. We present our discussion and conclusions in Sections 7 and 8, respectively.
Throughout, we use J2000 coordinates, dates in UTC, velocities in the optical convention (cz) and the heliocentric reference frame. Galaxy quantities are calculated using distances derived from velocities converted to the local group (LG) frame 2 , adopting a flat ΛCDM cosmology using (H 0 , Ω m ) = (67.7, 0.307), concordant with the latest Planck results (Planck Collaboration et al. 2016 ).
2 OBSERVATIONS AND DATA REDUCTION 2.1 ASKAP NGC 7162A and NGC 7162 lie in the top right corner (north west) beams of the WALLABY early science field centred on the NGC 7232 galaxy group (∼ 2.5 × 2.5 square degrees centred on α, δ = 22:00:00.0,−43:30:00.0). WALLABY early science observations are carried out with beams arranged in a 6×6 square grid resulting in a field of view of 30 square degrees. This beam arrangement is used for two footprints on the sky (A, centred on α, δ = 22:13:07.7,−45:16:57.1, and B, centred on α, δ = 22:10:35.41,−44:49:50.7), with footprint B offset by 0.
• 64 from footprint A. This configuration allows us to obtain uniform sensitivity across the sky, within the overlap region, by combining the two footprints. ASKAP beams are formed by pointing the antennas at the Sun prior to the start of observing using the maximum signal-to-noise ratio (maxSNR, Applebaum 1976) method (for details see Chippendale et al. 2015; McConnell et al. 2016 ). This early science field was observed over 14 nights in August and October of 2016 and 2 nights in August and September of 2017 for a total of 175.3 hrs with 8 nights in footprint A and 8 nights in footprint B (see Fig. 1 for the beam positions on the sky for footprint A and B, green and magenta circles, respectively). These observations used an array of 10 − 12 antennas from ASKAP-12. We use only 6 beams (2 footprint A, 4 footprint B) and a limited bandwidth of 8 MHz (432 channels) centred on the group (1409.56 MHz) to keep data volume and computing requirements manageable, in order to facilitate software testing and debugging. Table 1 summarises the observations from both ASKAP and ATCA.
ASKAPSOFT
We reduced the ASKAP observations using a preliminary version of ASKAPsoft, the data reduction pipeline built for handling ASKAP data. Full details on ASKAPsoft will be presented in Whiting et al. (in prep.) and Kleiner et al. (in prep.) . We only give a brief summary here as our procedure only deviates at a couple steps from the standard pipeline. ASKAPsoft first splits visibilities formed for individual beams from the observation. These are then flagged, have bandpass and gain calibrations applied and are imaged separately before mosaicking beam images together. Our primary calibrator is PKS 1934-638, which we use for flux and bandpass calibration. Some additional manual flagging of the first two hours from the footprint B visibilities was required on the shortest baseline to remove solar interference. After flagging and calibrating the observations, ASKAPsoft creates a continuum sky model which is used to perform continuum subtraction on the spectral uv data (i.e. the model is used to simulate visibilities which are then subtracted from the observed visibilities).
The default ASKAPsoft pipeline can only handle a single night's observation for imaging, limiting the depth to which we can clean to three times the root-mean-square (RMS) noise level of a single night (3σ ∼ 18 mJy beam −1 ). Image combination is then carried out in the image plane by linear mosaicking the beams from individual nights. To lower the threshold to which we can clean, we used a modified pipeline script for imaging to combine data in the uv-domain. Using this script, we can feed the imager multiple nights of uv-domain data for a single beam and footprint. We imaged using a resolution of 5 pixel −1 and 4 km s −1 channels, with robust = 0.5 and a Gaussian taper of 30 , resulting in a synthesised beam of 39 × 34 . With the modified imaging script we imaged 8 nights worth of data, lowering the RMS and improving our deconvolution (3σ ∼ 9 mJy beam −1 ). We do not achieve a √ 8 improvement in the RMS due to different integration times, percentage of flagged data and number of antennas used each night (see Section 3.3). For deconvolution, we use the multi-scale clean algorithm (e.g. Cornwell 2008; Rau & Cornwell 2011 ) on scales of 0 (point sources), 3, 10 and 30 pixels. We set the major cycle clean threshold to 3 σ and for the minor cycle 4.5 σ. These parameters were finetuned to maximize the amount of flux recovered after deconvolution. Prior to mosaicking the imaged beams, we first removed residual continuum emission, visible due to the decreased RMS level (∼ 3 mJy beam −1 ), using image-based continuum subtraction (e.g. subtracting a 2 nd order polynomial fit to residual continuum flux from the data cube). Our final mosaicked cube RMS level is ∼ 2.3 mJy beam −1 . We note that full ASKAP (36 antennas) will be much more sensitive than ASKAP-12 and will reach WALLABY sensitivity (1.6 mJy beam −1 ) in a single 12 hr observation.
MIRIAD
In addition to performing imaging with ASKAPsoft, we also imaged using miriad (Sault et al. 1995) for validation purposes. Similar to ASKAPsoft, we imaged all the flagged, calibrated and continuum subtracted uv-data beam by beam with the task invert, using the same pixel and spectral resolution, robustness and taper from ASKAPsoft. We deconvolved the dirty image using the clean algorithm with a cutoff flux of 5 mJy and 8000 iterations and restored the deconvolved image using restor. We used the task contsub to fit and subtract a 0 th order polynomial to the emission free channels to remove residual continuum emission, similar to ASKAPsoft. We finally create a mosaicked image cube using the task linmos, applying primary beam correction assuming a 1 • × 1 • Gaussian and weighting each beam cube by the image RMS. The RMS of the mosaicked miriad imaged data is comparable to that obtained imaging with ASKAPsoft (∼2.2 vs 2.3 mJy beam −1 , respectively). The synthesised beam, 37 × 32 , is ∼ 2 smaller than the one produced using ASKAPsoft. We note that miriad is unable to image the ASKAP data perfectly as it does not account for non-coplanar baselines, which can be accounted for using the w-projection algorithm , and may cause position shifts and minor imaging artefacts.
ATCA
The archival Australia Telescope Compact Array (ATCA) observations of NGC 7162, NGC 7162A and ESO 288-G033, were obtained under project ID C2573 (Observer: S. Reeves) for a single pointing centred on NGC 7162A (Fig. 1 , solid orange circle), using the 750D antenna configuration (Reeves et al. 2015) and the Compact Array Broadband Backend system (CABB, Wilson et al. 2011 ). The flux and phase calibrators observed were PKS 1934-638 and PKS 2106-413, respectively. The total on-source integration time was 994 min (see Table 1 ).
We reduced the data using miriad using a standard method. After first excluding antenna 6, we interactively flagged the flux and phase calibrators and science field data using the task blflag. We then calibrated the flux of PKS 1934-638 observations using mfcal. We applied the flux calibration to the phase calibrator, PKS 2106-413, and determined time-dependent gain solutions on the phase calibrator. We then applied both phase and gain calibrations to the science observations.
We inspected the time-integrated shortest baseline (antenna 1-2) to find channels clear of any H i emission to find the continuum, which we subtracted using uvlin with a 2 nd order polynomial. We created a dirty map from the continuum subtracted data setting the weighting to robust = 0.5 and a channel width of 10 km s −1 . We use a spectral resolution of 10 km s −1 instead of the raw resolution of 6.65 km s −1 to improve our signal to noise. We then deconvolved the dirty map using Högbom clean with a 3 σ cutoff flux of 6 mJy beam −1 and 10000 iterations before restoring the deconvolved image cube with restor. The resulting data cube has an RMS of 1.2 mJy beam −1 , which agrees with the expected RMS for ATCA with these observation parameters (1.1 mJy beam −1 ), and a synthesised beam of 60 × 36 .
IMAGE ANALYSIS
We use the Source Finding Application (SoFiA, Serra et al. 2015a) to locate significant H i emission in the ASKAP data cube. SoFiA provides integrated intensity (moment 0) and velocity field (moment 1) maps, integrated spectra and detected source properties, including integrated flux and line widths (w 20 and w 50 ). In SoFiA, we set a 5 σ threshold and allow the initial SoFiA source mask to expand and encompass additional voxels until the total source flux stopped increasing.
HI Maps
In our survey volume (Fig. 1) we detect six ASKAP H i sources using SoFiA, each identified with a known optical counterpart. The sources are named using the centre position defined by SoFiA (Table 2) , hereafter referred to by their more common names except for GALEX-ASC J220338.65-431128.7 which we refer to as 'J220338-431131'. We detect the original group members, NGC 7162, NGC 7162A and ESO 288-G025, while we do not detect H i in NGC 7166, in agreement with previous ATCA observations (Oosterloo et al. 2007 ). In addition to the group galaxy detections, we also detect H i in two nearby dwarf galaxies, AM 2159-434 (α, δ = 22:02:50,−43:26:44) and J220338-431131 (α, δ = 22:03:38,−43:11:28), with no previous H i detections and beyond the field of view of ATCA. Their projected distances from NGC 7162A, assuming a distance of 33.7 Mpc, are 300 and 328 kpc, respectively. This demonstrates the power of the wide field of view of the ASKAP for discovering previously undetected dwarf galaxies. Both dwarfs are also detected in GALEX NUV/FUV imaging indicating recent star formation. We also detect ESO 288-G033 To NGC 7232 Triplet (α, δ = 22:02:06,-43:16:07), which is within the ATCA beam of the archival observations providing an additional galaxy for validation. For the three galaxies in the ATCA beam, ATCA detects H i to larger radii than ASKAP-12 as expected for the larger ATCA synthesised beam, more compact baselines and the lower H i column density sensitivity threshold used for source finding with SoFiA (3 σ = 1.7×10 18 cm −2 and 5 σ = 9.5 × 10 18 cm −2 for miriad and ASKAPsoft, respectively).
In Fig. 1 , we show a Digitized Sky Survey (DSS) blue optical image of the full group with 1.6 × 10 19 cm −2 H i column density contours of the detected galaxies overlaid in blue, the footprint of the ASKAP beams covering the group (green and magenta circles) and indicate the direction of Figure 2 . ASKAP H i moment maps (column density and velocity field, left hand and centre columns, respectively) of the four spiral galaxies (blue contours) overlaid onto Dark Energy Survey (DES) r−band grey scale images (Abbott et al. 2018) . The panel sizes for the column density and velocity field maps are 7 × 7 (a and b) and 4 × 4 (c and d). Column density map contour levels are (1, 5, 10, 20, 50, 70 , 100) × 10 19 cm −2 . Velocity field (heliocentric reference frame) map contours levels in 20 km s −1 steps decreasing and increasing from the systemic velocity (thick line) of each galaxy (see Table 3 ). The velocity increases from the southern (lower) side (panels a and b) and increases from the northern (upper) side (panels c and d). The ASKAP synthesised beam sizes is shown in the lower left corner of the panels in the left and centre columns by the orange ellipse. We also include the 10 19 cm −2 H i column density contour from ATCA (thick grey contour) for NGC 7162, NGC 7162A and ESO 288-G033, along with the ATCA synthesised beam (black ellipse). Position-Velocity diagrams (right hand column) are shown with terminal velocities measured using the envelope tracing method (red circles). We exclude points with an offset of < ±20 from the envelope tracing. Fig. 2 for the two dwarf galaxies with background DES g−band grey scale images. The panel sizes for the column density and velocity field maps are 4 × 4 (e and f). Column density map contour levels are (1, 5, 10, 20, 50, 70 , 100) × 10 19 cm −2 . Velocity field (heliocentric reference frame) map contours levels in 7 km s −1 steps decreasing and increasing from the systemic velocity (thick line) of each galaxy (see Table 3 ). The velocity increases from the western (right) side. the NGC 7232 triplet, located at the centre of the ASKAP 36 beam footprint. We show Dark Energy Survey (DES) r− and g−band (Abbott et al. 2018 ) postage stamps of each H i detected spiral (r) and dwarf (g) galaxy overlaid with integrated intensity and velocity field contours and positionvelocity (PV) diagrams taken along the major axis of each galaxy from SoFiA ( Fig. 2 and 3 : left, centre and right columns, respectively).
We use a 5 σ threshold and mask dilation in SoFiA to avoid picking up sidelobe emission during source finding. We initially used a 3 σ threshold for source finding to pick up any faint emission slightly above the noise level. However, this also picks up and includes sidelobe emission around our two brightest galaxies, NGC 7162 and NGC 7162A, in these galaxies' source masks. The sidelobe artefacts are due to the incomplete uv-coverage of ASKAP-12 and systematic errors in the calibration of the data. SoFiA does not pick up sidelobes around our other four detections using the 3 σ threshold as they are fainter and any sidelobes are below the image cube noise level. The clean artefacts limit our ability to comment on the presence or lack of faint extended emission, as any extended emission is lost in the sidelobes using the 3 σ threshold and the 5 σ threshold will miss any faint emission. Even using a 5 σ threshold, SoFiA still picks up the first negative sidelobe in some channels which will tend to lower the integrated fluxes. Full ASKAP will not have the same challenges as ASKAP-12 as it will have significantly improved uv-coverage with 36 antennas and a finalised pipeline using the optimal calibration and imaging parameters. Unsurprisingly, the deconvolution is not improved using miriad, which has the additional w-projection issues, contributing to the flux loss in the integrated spectra (Fig. 4) .
HI Spectra
One of the main objectives of early science is to compare the ASKAP data against earlier H i benchmarks such as ATCA and HIPASS observations. We compare the integrated spectra from SoFiA after processing the ASKAP observations with ASKAPsoft and miriad with ATCA (NGC 7162, NGC 7162A and ESO 288-G033) and HIPASS (NGC 7162 and NGC 7162A) observations (Fig. 4) for validation of the instrument and processing pipeline. We extract galaxy integrated spectra from the miriad imaged ASKAP cube using the SoFiA source mask from the ASKAPsoft imaged cube to ensure the spectra cover the same regions. As mentioned in Section 2.1.2, the miriad processing will introduce artefacts (e.g. distortions in source shapes and flux loss) and position errors away from the ASKAP beam centres due to miriad not accounting for non-coplanar baselines. The artefacts and position errors explain the small variations we find between the spectra from the ASKAPsoft and miriad imaged data cubes (Fig. 4) . The Gaussian approximation of the ASKAP beams that we use also contributes to the uncertainty in our measured fluxes as the shape of the edge beams are known to deviate from a two dimensional Gaussian (e.g. Serra et al. 2015b; Heywood et al. 2016) . The combination of these uncertainties is most notable for the receding side of ESO 288-G025, closest to the beam edge, in which the spectrum from the miriad cube has only recovered ∼ 66% of the flux compared with the ASKAPsoft cube between 2600 − 2700 km s −1 (Fig. 4e) .
We have good agreement between the integrated ASKAP (ASKAPsoft, dot-dashed blue) spectra of NGC 7162 and ESO 288-G033 and those we obtain from ATCA (solid orange) observations, where the small flux loss (∼ 6 − 10%) is expected due to the ATCA observations having shorter baselines than ASKAP. We have lost approximately a quarter of the flux of NGC 7162A in the ASKAP observations, with the larger flux loss due to incomplete deconvolution (Section 3.1). This has also affected NGC 7162, but only to a small extent compared to NGC 7162A. We can only compare the spectrum from the sum of the individual NGC 7162 and NGC 7162A spectra with HIPASS as the two galaxies are not fully resolved in the Parkes beam. The loss of flux in the combined spectrum relative to HIPASS (dashed red) is again due to the deconvolution process, high source finding threshold and resolving out the H i emission with ASKAP.
We can determine velocities of and distances to the two dwarf galaxies using the H i spectra. For AM 2159-434 we derive a value of V hel = 2558 km s −1 (corresponding to V LG = 2552 km s −1 and a luminosity distance of D lum = 37.9 ± 3.0 Mpc). Similarly for J220338-431131 we derive V hel = 2727 km s −1 (corresponding to V LG = 2722 km s −1 and D lum = 40.5 ± 3.0 Mpc).
Validation
We have used the ASKAP observations processed with ASKAPsoft for instrument and pipeline verification. We demonstrate that the RMS noise, σ, in the final ASKAP image data cube decreases as expected assuming Gaussian noise (σ ∝ 1/ √ τ, where τ is the effective integration time in hours from multiple nights determined as the product of the integration time, number of antennas squared and percentage of unflagged data for each night of observation). We measure the RMS for footprints A and B separately as the RMS does not scale in the same manner when mosaicking footprints, as the mosaicking process applies primary beam correction ( Figure 4 . Panels a-f: ASKAP integrated H i spectra of our detections as obtained from SoFiA after imaging in both ASKAPsoft (thick dot-dashed blue) or miriad (thick dotted black). For comparison we also show ATCA integrated H i spectra (thin solid orange). Panel g: The combined ASKAP integrated H i spectrum of NGC 7162 and NGC 7162A (thick dot-dashed blue) with ATCA (thin solid orange) and HIPASS (thin dashed red) for comparison. We summed the ASKAP/ATCA spectra for NGC 7162 and NGC 7162A because these galaxies are not fully separated in the Parkes beam.
increasing towards the edge beams, which we see in the lower RMS in beam 4 vs 16.
For NGC 7162, NGC 7162A and ESO 288-G033, we compare the parameter output from SoFiA for the ASKAP and ATCA observations (see Table 3 ). The integrated fluxes and calculated H i mass for NGC 7162 and NGC 7162A from ASKAP are lower than from ATCA, which is primarily due to flux remaining in residual sidelobes and lack of short baselines. ESO 288-G033 has reasonable agreement between ASKAP and ATCA with the higher ATCA values primar- ily due to the shorter baselines in the ATCA configuration providing better sensitivity to diffuse emission. We find very good agreement in w 20 and w 50 line profile widths between both observations. We also attempt to compare the ASKAP and ATCA integrated fluxes for NGC 7162 and NGC 7162A with their HIPASS values by decomposing the HIPASS moment 0 map into two point sources using the miriad task imfit. The uncertainties in the HIPASS integrated fluxes are only the fitting uncertainties and do not include systematic uncertainties from HIPASS, hence the true uncertainties will be larger. The HIPASS integrated flux for NGC 7162 is lower, though within errors of the ASKAP and ATCA values, indicating some of its flux has been attributed to NGC 7162A as we would expect HIPASS to recover more flux (see Table 3 ). HIPASS recovers more flux in NGC 7162A than either ASKAP or ATCA indicating that there is likely to be ∼ 40% more diffuse H i emission in NGC 7162A, which is resolved out by the interferometers.
ROTATION CURVES
The advantage of ASKAP observations is the increased resolution (spatial and spectral) and sky coverage compared with archival ATCA and HIPASS data (39 × 34 , 60 × 36 and 15.5 × 15.5 , respectively). We can use this to determine the rotation curves for the NGC 7162 group galaxies. Using rotation curves, we can determine the galaxies' dynamical masses and dark matter content through mass modelling. Due to the different inclinations of the group galaxies (i.e. nearly face-on vs edge-on), we use two methods for determining the rotation curves: i) tilted ring fitting to the velocity field (e.g. Rogstad et al. 1974 , Section 4.1) and ii) envelope tracing of the position-velocity diagram along the galaxy's major axis (e.g. Sancisi & Allen 1979; Westmeier et al. 2013, Section 4.2) . The tilted ring modelling method gives more accurate results by allowing for variations in inclination and position angle of the galaxy, but cannot be used for galaxies that are edge-on or are not sufficiently resolved (i.e. ESO 288-G025, ESO 288-G033, AM 2159-434 and J220338-431131). Hence we only use this method for NGC 7162 and NGC 7162A. We use the envelope tracing method on all galaxies and in the case of NGC 7162 and NGC 7162A we compare the results from the two techniques.
Tilted Ring Model
The tilted ring model works by fitting a series of circular isovelocity rings to the velocity field and assuming that gas particles move with a constant speed on circular orbits. We follow the method of Westmeier et al. (2011) where we use the gipsy (van der Hulst et al. 1992; Vogelaar & Terlouw 2001) task rotcur and allow the inclination, i, position angle, θ, systemic velocity, v sys , and centre position, (x, y), of the rings to vary to best match the galaxy. We use 10 rings, with radius = 15 arcsec, centred on the galaxy, which is around half the ASKAP synthesised beam (this results in some correlation between adjacent points, but improves sampling of the galaxies).
We fit a tilted ring model to both sides of the galaxy together in three iterations. We first leave all parameters free (except the expansion velocity, v exp = 0 km s −1 ) and take our initial guess for the galaxy centre from NED. In the second iteration we leave the position angle, inclination angle and rotational velocity free. For the third iteration, we obtain the final rotation curve by leaving only the rotational velocity free. The error in the fitted velocity field is calculated by rotcur using the standard deviation around the mean rotation in each ring. In Fig. 6 , we show the Gauss-Hermite polynomial fit to the observed velocity field (left column), the model (centre column) and the residual (right column) velocity field for NGC 7162 and NGC 7162A (top and bottom rows, respectively). The tilted ring fit provides a good model to the data with small residuals mostly in the range −10 to 10 km s −1 . We also fit the tilted ring model to the approaching and receding sides of the galaxy separately to look for variations in the rotation curve and to estimate the errors in the rotational velocity, position angle and inclination angle (left and right columns of Fig. 7 for NGC 7162 and NGC 7162A, respectively). When fitting each side of each galaxy separately we keep v sys and (x, y) fixed to the values derived from the fit to the full galaxy.
Both NGC 7162 and NGC 7162A have approximately constant position angles across the entire galaxy disk, so neither galaxy has a distinguishable inner and outer disk. The presence of an inner and outer disk could indicate a past interaction event (e.g. Westmeier et al. 2011 Westmeier et al. , 2013 . The inclination of NGC 7162 decreases towards the edge of the galaxy, while for NGC 7162A the inclination remains constant. Our tilted ring fits are unaffected by residual sidelobes, as they are below the 5 σ threshold and are beyond the main disks of NGC 7162 and NGC 7162A.
There is a degeneracy between the inclination angle, i, and rotational velocity, V rot , best seen for the receding side of NGC 7162A at large radii (> 75 ) in Fig. 7d and f, Table 3 . NGC 7162 galaxy group member parameters. V hel = cz -velocity in the heliocentric reference frame, V LG -velocity in the Local Group reference frame, respectively, i -inclination, B 25 -25 mag arcsec −2 B−band, PA B25 , D 25 -position angle and diameter in 25 mag arcsec −2 B−band, respectively, D lum -luminosity distance, log(L X ) -ROSAT X-ray luminosity, Asym -asymmetry parameter from Spitzer IRAC images, M * , -stellar mass from VISTA Hemisphere Survey, SFR -average star formation rate derived from WISE 12 and 22µm bands, sSFR -specific star formation rate, M Dyn -dynamical mass, M HI,exp -expected H i mass for morphological type, S intintegrated flux, M HI,obs -observed H i mass, w 20 and w 50 -observed integrated spectra velocity widths at 20% and 50% of the maximum intensity, PA kin -kinematic position angle, DEF HI -H i deficiency, M HI /M * -H i to stellar mass ratio. References: (1) Springob et al. (2014) , (2) (7) [Mpc] 34.3 ± 3.0 33.7 ± 3.0 33.3 ± 3.0 36.7 ± 3.0 39.2 ± 3.0 37.9 ± 3.0 40.5 ± 3.0
ASKAP S int [Jy km s −1 ] 12.37 ± 1.24 15.52 ± 1.55 -3.66 ± 0.37 2.04 ± 0.20 0.86 ± 0.09 0.27 ± 0.03 (7) log(M HI,obs /M ) 9.5 ± 0.1 9.6 ± 0.1 -9.1 ± 0.1 8.9 ± 0.1 8.5 ± 0.1 8.0 ± 0.1 
ATCA S int [Jy km s −1 ] 13.20 ± 1.32 21.02 ± 2.10 --2.28 ± 0.23 --(7) log(M HI,obs /M ) 9.6 ± 0.1 9.7 ± 0.1
HIPASS S int [Jy km s −1 ] 11.46 ± 2.58 23.06 ± 2.55
where V rot rises sharply corresponding to a large decrease in i. This degeneracy can explain the differences at large radii between the rotation curves derived from the tilted ring and envelope tracing methods (Fig. 8) . For NGC 7162, the higher V rot derived from the tilted ring fit is due to the lower i compared with the constant value used for envelope tracing. We left i free in the tilted ring modelling to look for the presence of warps, which we do not find.
We determine the dynamical masses for NGC 7162 and NGC 7162A using the rotational velocity determined from the tilted ring fit to the entire galaxy at the last radius before the fitted velocity begins rising sharply between rings (i.e. 130 km s −1 to 180 km s −1 at a radius of 135 arcsec for NGC 7162A). We find dynamical masses of log(M dyn /M ) = 11.2 ± 0.1 (< 22.5 kpc) and log(M dyn /M ) = 10.6 ± 0.1 (< 17.2 kpc) for NGC 7162 and NGC 7162A, respectively. 
Envelope Tracing
The envelope tracing method derives a galaxy's rotational velocity by finding the terminal velocity, v t , on the edge of the galaxy facing away from the galaxy's systemic velocity at each position taken along the galaxy's major axis. We follow the method of Sofue & Rubin (2001); Westmeier et al. (2013) for envelope tracing and use position-velocity (PV) diagrams along the kinematic major axis from the SoFiA output (see Fig. 2 and 3 , right hand column, rotational velocities derived from envelope tracing are overlaid in red). We assume that the gas is optically thin when determining the terminal velocity of the gas. This may not be the case in the inner regions and we exclude positions within ±20 of the galaxy centre in our analysis. We calculate the rotational velocities using equations 1 and 2 from Westmeier et al. (2013) . For consistency, we use a fixed inclination angle for each galaxy from the optical disk (Table 3) for deprojecting the derived rotational velocities.
We derived rotation curves for the four group spirals using the envelope tracing method. We are unable to derive a rotation curve for AM 2159-434 or J220338-431131 as we do not have inclination angles, i, for either galaxy. Additionally, the PV diagrams for AM 2159-434 and J220338-431131 are dominated by noise (Fig. 3, right column , rows e and f, respectively). We show our derived rotation curves for the approaching (blue squares) and receding (orange diamonds) sides of each galaxy in Fig. 8 and show the velocities plotted in red over the PV diagrams in the right hand column of Fig. 2 . For NGC 7162 and NGC 7162A we also plot the rotation curve from the tilted ring model fitting to both sides of the galaxy (black circles). We find good agreement between the two methods for NGC 7162 and NGC 7162A. For NGC 7162A, we are able to recover the increase in rotational velocity at radii ≤ 40 found with the tilted ring analysis using the envelope tracing method, while for NGC 7162 the envelope tracing method is only able to recover the maximum rotational velocity. The approaching and receding sides of ESO 288-G025 are in good agreement at radii > 40 . ESO 288-G033, the smallest galaxy in angular size for which we could determine the rotational velocity, also has good agreement at all traced radii.
We determine the dynamical masses for ESO 288-G025 and ESO 288-G033 by taking the average of the velocity of the approaching and receding sides of each galaxy at the largest radius at which both are measured (i.e. 80 and 45 , respectively). We find dynamical masses of log(M dyn /M ) = 10.9 ± 0.1 (< 14.2 kpc) and log(M dyn /M ) = 9.7 ± 0.2 (< 9.5 kpc) for ESO 288-G025 and ESO 288-G033, respectively.
MASS MODELLING
Using the tilted ring derived rotation curves, we model the contributions of the gaseous, stellar and dark matter components to the observed rotation curves of NGC 7162 and NGC 7162A, given by
where f gas and f * are mass scaling factors for the gaseous and stellar disks, respectively. We use the gipsy task rotmas to fit to the velocity curve for the three components given in equation (1), with the gaseous and stellar disk velocities determined from their respective mass surface densities. The mass surface density, Σ(r), for each component is used to determine its velocity contribution to the rotational velocity. Our observations have insufficient resolution of the inner disk region to differentiate among various dark matter density profiles (e.g. pseudo-isothermal, NFW). However, we do provide estimates of the dark matter mass required for the observed rotation curve. . Rotation curves for the approaching (blue squares) and receding (orange diamonds) sides determined from envelope tracing of PV diagrams along the galaxies' kinematic major axis from SoFiA. For NGC 7162 and NGC 7162A we plot the rotation curve from the tilted ring model fitting to both sides of the galaxy (black circles), showing good agreement.
Gas Component
The gas surface density is derived using the H i column density profile, N HI (r), corrected for inclination, i, taken from the tilted ring fit with
where the hydrogen atom mass is m H = 1.674 × 10 −27 kg and f is a correction factor accounting for the contribution of helium in the disk (we assume f = 1.4 for the contribution of helium, e.g. Westmeier et al. 2011) . We use the gipsy task ellint to calculate the H i surface density profile, which we scale by f , from the H i column density map, the total H i gas mass and the luminosity distance of the galaxy. We assume the H i gas is optically thin and is in an infinitely thin disk. The gas surface density will be underestimated if dense locations in the disk are not optically thin. The mass contribution of molecular and ionised gas can be accounted for using the scaling factor f gas in equation 1. We also scaled the total gas mass of NGC 7162A by a factor of 1.25 (i.e. to the mass from ATCA) to approximately account for the flux/mass loss due to incomplete deconvolution of the ASKAP data (∼ 5.5 Jy km s −1 , Fig. 4b ). We scaled to the ATCA flux rather than HIPASS due to the confusion in the HIPASS detection of NGC 7162 and NGC 7162A. However, ATCA appears to have recovered the majority of the flux from comparison of the combined spectra of NGC 7162 and NGC 7162A from ATCA with the HIPASS spectrum (Fig. 4g) . We did not apply this correction to NGC 7162 as it only suffers a small flux loss (∼ 1 Jy km s −1 , Fig. 4a ). The incomplete deconvolution most strongly affects the recovered flux of NGC 7162A as it is the brightest source with more flux left in sidelobes detectable above the noise. In Fig. 9, we show the H i mass surface density with blue squares for NGC 7162 and NGC 7162A.
Stellar Component
The stellar surface density is determined by converting the optical or near-infrared flux density, S λ (r), to stellar mass surface density, Σ stellar (r), using the stellar mass-to-light ratio, Υ λ . Both the flux density and mass-to-light ratio are wavelength dependent and are determined for a specific photometric band (e.g. IRAC 3.6 and 4.5 µm bands, Westmeier et al. 2011) . The mass-to-light ratio conversion uses solar units and takes the form
We use the VISTA Hemisphere Survey (VHS, McMahon et al. 2013) J− and K−band images for deriving stellar masses and surface densities. We determine stellar masses for VHS J− and K−band images using masses estimated from the Galaxy and Mass Assembly Survey (GAMA, Driver et al. 2011 ) and VISTA Kilo-Degree Infrared Galaxy Survey (VIKINGs) absolute magnitudes (Wright et al. 2016) for ∼ 90000 galaxies. The stellar masses determined from the GAMA survey are tightly correlated (scatter of 0.1 dex) with the J− and K−band absolute magnitudes, with the relations given by
and
where J abs and K abs are the absolute magnitude in the J− and K−bands, respectively. We can then use equations 4 and 5 and the conversion from VHS image flux units, A, to magnitudes (mag = 30 − 2.5 log(A), 30 is the zero point magnitude) to derive linear relationships between stellar mass and the J− and K−band image flux units
where D lum is the luminosity distance. We then calculate the stellar mass from the J− and K−band images by summing the image flux in rings with the position angle and inclination of each ring determined from the tilted ring modelling for NGC 7162 and NGC 7162A (for consistency with our H i rings) and using a fixed position angle and inclination, from SoFiA and optical imaging, respectively, for ESO 288-G025 and ESO 288-G033. For NGC 7162 and NGC 7162A, we calculate the stellar mass contained within a given radius (< 90 and < 105 , respectively), corresponding to the maximum radius at which we determine the stellar surface densities (i.e. where the surface density levels off at < 0.1 M pc −2 ). We again use the gipsy task ellint, this time to derive both the stellar masses for NGC 7162, NGC 7162A, ESO 288-G025 and ESO 288-G033 and the stellar surface density profiles for NGC 7162 and NGC 7162A. We do not calculate a stellar mass for the dwarf galaxies due to foreground stars in the VHS images. Our final quoted stellar masses in Table 3 are the average of the masses found in the J− and K−bands, similarly for the stellar surface density profiles of NGC 7162 and NGC 7162A (Fig. 9) . Differences in the surface density profiles derived in each band are smaller than the uncertainties. We note there are a number of factors creating uncertainty in the calculated masses including the level of dust extinction, the galaxy's initial mass function (Chabrier 2003 , IMF used for GAMA), star formation history and metallicity, in addition to radial variation of these parameters within the disk Westmeier et al. 2011 ). See Taylor et al. (2011) for details on derivation process and assumptions used in deriving GAMA masses. We note that total stellar masses of log(M/M ) = 10.194 and 9.812 for NGC 7162 and NGC 7162A, respectively, were calculated from the S 4 G survey on Spitzer (Muñoz-Mateos et al. 2015) . The Spitzer derived stellar masses are higher than the VHS values due to our radial cutoffs in measured values and the different IMFs assumed, Salpeter (1955) and Chabrier (2003) , respectively. We can convert the stellar masses between IMFs using equation 12 from Longhetti & Saracco (2009) ,
and extend the radius to which we measure the stellar mass, bringing the two values into agreement, within errors (log[M Chabrier,Spitzer /M ] = 9.9 and 9.6 and log[M VHS,total /M ] = 9.7 and 9.5, for NGC 7162 and NGC 7162A, respectively). We use VHS rather than Spitzer data to provide consistency in the derived stellar masses of the group spirals as there are no Spitzer observations of ESO 288-G025 and ESO 288-G033. Additionally, VHS covers nearly the entire Southern hemisphere and will be complementary to WALLABY for providing stellar maps.
Vertical Density
For both the gaseous and stellar disks, we must consider the vertical density profile, ρ(z), although there is no consistent method used for their modelling (e.g. Westmeier et al. 2011 , and references therein). The most commonly used vertical density profiles use either infinitely thin gas and/or stellar disks or a density distribution with a sech 2 (z/z 0 ) vertical dependence (based on studies of edge-on spiral galaxies by van der Kruit & Searle 1981a,b):
where z 0 is the scale height of the disk. In this work, we model the gas as an infinitely thin disk and the stellar disk vertical density following equation 9 and assume a scale length-to-scale height ratio of h/z 0 = 5 (e.g. van der Kruit & Searle 1981a). We calculate the scale length, h, using stellar surface density profiles determined using 5 rings, which better constrains the radial variation in the stellar surface density with higher resolution in the inner region of the galaxy disks. NGC 7162 has scale length of h = 6.57 ± 0.05 kpc and a scale height of z 0 = 1.31 ± 0.05 kpc. Likewise, NGC 7162A has a scale length of h = 4.65±0.05 kpc and a scale height of z 0 = 0.93±0.05 kpc. We obtain the same stellar surface density profile (average of J− and K−bands) for NGC 7162 and NGC 7162A using either 5 and 15 rings (Fig. 9 , empty grey and filled orange circles, respectively).
We also considered the case of the gas disk having the same scale height as the stellar disk. However, this has only a small affect of lowering the gas velocity by ∼ 1 km s −1 at all radii and increasing the derived dark matter mass by ∼ 0.1 dex.
Dark Matter Component
The third component to the mass model is the dark matter halo, which can be modelled following a number of different profiles. In this work, we only use a pseudo-isothermal profile as we are unable to differentiate among different dark matter profiles due to the low resolution of the central region of NGC 7162 and NGC 7162A. The pseudo-isothermal model (e.g. Begeman et al. 1991 ) is a physically motivated model with a constant central density with the density profile given by,
where ρ 0 is the central density and r c is the core radius. The pseudo-isothermal velocity profile is given by,
Modelling
We use the gispy task rotmas for our mass modelling of NGC 7162 and NGC 7162A. The inputs into rotmas are the observed rotation curve from the tilted ring fit to the entire galaxy, the gaseous and stellar surface densities, our selected vertical stellar density distribution given by equation 9, the stellar disk scale height and our chosen dark matter density profile (pseudo-isothermal). We do not include a bulge component in our modelled stellar surface density profile as, according to their morphological classifications (Table 3), the galaxies do not have prominent bulges. We fix the gaseous and stellar scaling factors, f gas and f * , to unity, leaving only the dark matter profile parameters, ρ 0 and r c , free. We also tested leaving f gas as a free parameter, however this did not significantly alter the derived dark matter masses. For NGC 7162 and NGC 7162A, we fit out to the same radius to which we calculated dynamical masses (20.3 and 15.5 kpc, respectively). We perform the mass modelling for a single dark matter profile with fixed gaseous and stellar scaling factors because of our limited resolution and inability to resolve the galaxies' central region (i.e. where we would be able to distinguish between different models).
In Fig. 10 , we show our mass models for NGC 7162 (panel a) and NGC 7162A (panel b). We note the negative velocities of the gas at radii < 7.5 kpc in NGC 7162 do not mean the gas is counter-rotating to the rest of the disk, but is due to test particles in the modelling having a net outward force resulting in a negative v 2 gas (Westmeier et al. 2011 ). This gives an imaginary velocity value, which is represented by negative velocities. Our derived dark matter masses are in agreement with our results from estimating dynamical masses and show both galaxies are dark matter dominated (> 81 %, Table 6 ). Table 4 . NGC 7162 tilted ring model fit parameters and their errors, and gaseous and stellar mass surface densities and their RMS deviations. Parameters: r -radius, i -inclination, θ -position angle, v rot -rotational velocity, Σ J * -J−band stellar mass surface density, Σ K * -K−band stellar mass surface density, Σ * -average stellar mass surface density, Σ gas -gas mass surface density.
15 2.49 71 ± 4 20 ± 2 54 ± 11 47.4 ± 25.8 65.3 ± 36.8 56.4 ± 22.1 4.6 ± 1.2 30 4.99 72 ± 2 14 ± 1 120 ± 10 18.3 ± 8.0 23.2 ± 11.4 20.8 ± 6.9 5.0 ± 1.1 45 7.48 61 ± 2 13 ± 1 138 ± 10 5.5 ± 3.2 5.9 ± 6.0 5.7 ± 3.3 7.8 ± 1.0 60 9.98 58 ± 2 16 ± 1 148 ± 10 2.0 ± 1.8 1.9 ± 3.8 1.9 ± 2.0 7.6 ± 1.5 75 12.47 57 ± 2 16 ± 1 153 ± 10 0.8 ± 1.6 0.7 ± 1.9 0.7 ± 1.2 6.0 ± 2.0 90 14.96 55 ± 2 14 ± 1 158 ± 10 0.1 ± 0.1 0.1 ± 0.1 0.1 ± 0.1 3.9 ± 2.1 105 17.45 Table 5 . NGC 7162A tilted ring model fit parameters and gaseous and stellar mass surface densities. Parameters the same as Table 4 .
15 2.45 34 ± 11 18 ± 6 38 ± 10 9.7 ± 5.9 13.6 ± 11.5 11.7 ± 6.2 11.0 ± 2.3 30 4.89 44 ± 5 21 ± 2 60 ± 4 3.6 ± 2.4 4.7 ± 6.2 4.2 ± 3.1 10.2 ± 2.2 45 7.34 40 ± 2 19 ± 1 75 ± 2 1.2 ± 1.4 1.4 ± 3.7 1.3 ± 1.8 11.4 ± 2.2 60 9.79 38 ± 1 18 ± 1 85 ± 2 0.7 ± 1.2 1.1 ± 3.3 0.9 ± 1.6 11.1 ± 2.2 75 12.23 37 ± 1 18 ± 1 91 ± 2 0.6 ± 1.2 0.6 ± 2.0 0.6 ± 1.1 9. 
where h = H 0 /100 km s −1 Mpc −1 , D 25 is the optical 25 mag arcsec −2 B−band diameter and a HI and b HI are morphological type dependent coefficients (see table 3 from Boselli & Gavazzi 2009) . The H i deficiency is then defined to be,
We obtain morphology classifications and calculate galaxy diameters from NED (Table 3) . We used the H i masses from ATCA for NGC 7162 and NGC 7162A for calculating their deficiencies as our ATCA spectra agree with HIPASS and recover more of the flux than ASKAP-12, hence we are less likely to underestimate DEF H i . We calculate the H i deficiencies for ESO 288-G025 and ESO 288-G033 using the H i masses from ASKAP, as these galaxies do not have the same issues.
NGC 7162, NGC 7162A and ESO 288-G033 have H i excesses of 0.72, 0.95 and 0.66 dex, respectively. The excesses in these galaxies indicate that they have either accreted additional gas or are yet to be affected by the group environment, which would generally cause galaxies near the group centre to lose gas and become H i deficient. ESO 288-G025 has a much lower excess of 0.33 dex. Kilborn et al. (2009) and Rasmussen et al. (2012) only consider galaxies to have a H i deficiency if |DEF HI | > 0.30 and > 0.45, respectively, to account for uncertainties in diameters, H i masses and galaxy morphologies causing the apparent deficiencies. Here we take a conservative value of only considering galaxies with |DEF HI | > 0.45 having a H i deficiency or excess. Hence, we do not consider ESO 288-G025 to have a H i excess.
DISCUSSION
In this work, we search for signs of interactions within the NGC 7162 group, primarily between NGC 7162 and NGC 7162A. However, we do not identify any morphological signs of interactions or extended H i emission around NGC 7162 or NGC 7162A at ASKAP-12 resolution and sensitivity. We could expect to find evidence of interactions as the largest and approximately central galaxy of this group, NGC 7166, is an early type elliptical galaxy, suggesting that one or more merger events likely occurred in the group's history. It is possible that the merger occurred sufficiently long in the past that most signs have disappeared as there is no H i detected around NGC 7166 and all detected gas is confined to the six detected galaxies. We can place an upper limit on the column density of any extra-planar gas of < 9.5×10 18 cm −2 per 4 km s −1 channel for emission filling the 39 × 34 beam using our 5 σ ∼ 11.5 mJy beam −1 threshold. However, we can look for internal indications of interactions within the galaxies in H i.
(i) We start with the most promising candidate, NGC 7162A, which appears to have a small twist in position angle between velocity field contours at the galaxy's centre compared with the outer regions ( Fig. 2 row b , centre column). We also see this in the derived position angle from the tilted ring fitting to the the full disk. However there is large uncertainty when looking at either the approaching or receding sides separately and the position angle is approximately constant across all radii within the errors (Fig. 7e) . The position angles from the 25 mag arcsec −2 B−band image and the value derived from the H i gas kinematics from SoFiA are offset by ∼ 40 • , indicating the gas does not rotate in accordance with the galaxy's optical major axis. This, along with the possible small twist in the position angle with radius, could indicate that an interaction occurred in the group's past, either sufficiently long ago that there are no other obvious signs of the interaction or that we simply are unable to detect any morphological signs due to the imaging limitations of our observations. In this group, NGC 7162A is the most H i rich galaxy with a H i mass excess of ∼ 0.95 dex compared with isolated galaxies. This excess is surprising due to the presence of neighbouring galaxies with projected distances of ∼ 126 kpc (NGC 7162 and NGC 7166), placing NGC 7162A in the densest part of the group, where galaxies are more commonly H i deficient. The excess gas is unlikely to have been removed from NGC 7162, which is also H i rich. However we are unable to identify an origin of the excess gas as we cannot detect any faint extra-planar gas inflowing onto NGC 7162A from either the ASKAP-12 or ATCA data (Fig. 2 left column, row b). Although NGC 7162A is H i rich, it is normal with regards to its H i to stellar mass ratio, log(M HI /M * ), and specific star formation rate, log(sSFR), as it follows the scaling relations in figure 5 from Catinella et al. (2018) for log(M HI /M * ) vs log(M * /M ) and log(sSFR) ( Table 3 ). The gas fraction of NGC 7162A also agrees with the findings of Janowiecki et al. (2017) where group centrals have higher log(M HI /M * ) at fixed log(M * /M ). NGC 7162A has a slightly lower star formation efficiency (SFE = SFR/M HI ) of log(SFE/yr) = −10.2 compared with previous samples (e.g. log(SFE/yr) = −9.5, −9.95, −9.65, Schiminovich et al. 2010; Huang et al. 2012; Wong et al. 2016, respectively) , which could be due to it having a higher disk stability against star formation. Figure 11 . GALEX FUV and VHS K−band images of NGC 7162 (panels a and b) and NGC 7162A (panels c and d) illustrating that both galaxies appear much more symmetric in the UV than the IR. We also show that NGC 7162A is a Type 2 XUV galaxy with the emission from the FUV disk extending to much larger radii than the emission in the K−band.
(iv) ESO 288-G033 is also H i rich (excess ∼ 0.66 dex). There is a small offset (10 • ) between the position angles from the optical B−band image with the derived value from the H i gas kinematics from SoFiA. The ATCA column density map of ESO 288-G033 appears asymmetric with the H i emission more extended to the north (Fig. 2 row 4 , left column, thick grey contour). However, this may be a result of the increased noise around ESO 288-G033, as it lies near the edge of the ATCA beam and we do not draw any conclusions on whether this indicates ESO 288-G033 is interacting. (v) We are unable to comment on internal signs of interactions in the dwarfs AM 2159-434 and J220338-431131 due to their small size, low signal-to-noise and lack of ancillary data for comparison.
The NGC 7162 group has a single X-ray luminosity upper limit for NGC 7166 of log(L X ) < 40.65 erg s −1 (Beuing et al. 1999 ) and is not defined as X-ray luminous. Previous studies of X-ray luminosity and H i deficiency found X-ray luminous groups tend to be more H i deficient relative to groups without X-ray emission (Chamaraux & Masnou 2004; Sengupta & Balasubramanyam 2006; Kilborn et al. 2009 ). Hence, the lack of X-ray emission from the NGC 7162 group is expected given the H i richness of the group, as all group spirals have H i excesses, with no galaxies detected to be deficient in H i.
All four spiral galaxies for which we can calculate dynamical or dark matter masses are dark matter dominated with dark matter fractions ranging from f DM = 0.81 − 0.95. Although we are unable to use envelope tracing or tilted ring modelling for either dwarf galaxy, we attempt to derive approximate dynamical mass estimates up to a factor of sin 2 (i), leaving the galaxy inclination angle as a free parameter. For AM 2159-434, we derive a dynamical mass estimate of log(M dyn × sin 2 (i)/M ) ∼ 9.1 ± 0.4 (where we assume the rotational velocity to be half the velocity width, w 50 , of the integrated spectrum, ∼ 27 km s −1 , and the radius to be the radius in the moment 0 map, ∼ 8.4 kpc). Similarly we derive an approximate dynamical mass estimate for J220338-431131 of log(M dyn ×sin 2 (i)/M ) ∼ 8.9±0.4 (assumed rotational velocity ∼ 18 km s −1 and radius ∼ 10.9 kpc). As we mentioned, we are limited in our mass modelling to estimating the total dark matter content rather than differentiating among different dark matter density profiles. However, we still demonstrate the potential of ASKAP and WALLABY to provide dynamical and dark matter mass estimates for all HIPASS detected galaxies resolved by the ASKAP synthesised beam and map the dark matter distribution in gas-rich galaxies in the local Universe over the entire southern sky.
SUMMARY
In this work we have presented first results from WAL-LABY early science observations of the NGC 7162 galaxy group taken with ASKAP. We detected six galaxies in H i: NGC 7162, NGC 7162A, ESO 288-G025, ESO 288-G033, AM 2159-434 and J220338-431131. ESO 288-G033, AM 2159-434 and J220338-431131 are newly detected group members. Additionally, these are the first H i detections and distance measurements of the dwarf galaxies AM 2159-434 and J220338-431131.
Using archival HIPASS and ATCA observations, we performed validation checks on the ASKAP-12 observations. Minor calibration errors and the incomplete uv-coverage of ASKAP-12 result in residual sidelobes in the final image cube. This leads to a loss of flux in the brightest sources in the ASKAP observations compared with the archival ATCA and HIPASS data. Full ASKAP (36 antennas) will not be subject to these challenges. In the ASKAP-12 data we are unable to detect any morphological signs of interactions, although we do see extended H i emission to the north from NGC 7162 in the archival ATCA image cube. We are unable to see this H i extension in the ASKAP-12 image cube as it is either lost in the sidelobes present in the final data cube or resolved out by ASKAP. ASKAP also resolves out ∼ 40% of the diffuse H i emission in NGC 7162A compared with HIPASS. Due to the H i richness of the spiral galaxies and the lack of significant indications of group interactions, it is likely that these galaxies are infalling for the first time and are yet to undergo any significant tidal interactions.
These ASKAP images have provided improved spatial and spectral resolution compared with HIPASS and ATCA observations and significantly increased field of view. The improved resolution and more circular beam compared with ATCA allow us to derive rotation curves and hence dynamical masses for all four spiral galaxies, and dark matter masses for NGC 7162 and NGC 7162A. We also attempt to derive rough estimates for the dynamical masses for the two dwarf galaxies. All observed spiral galaxies are dark matter dominated, with dark matter fractions ∼ 0.81 − 0.95. However, we did not have sufficient resolution of the central region of the galaxies to test different dark matter models.
This work demonstrates the power of full WALLABY to estimate the dark matter content of gas-rich galaxies across the southern sky. The large field of view of ASKAP made it possible to observe the entire NGC 7162 group in a single observation, while the centre of the observed 30 square degree field was focused on a different target, the NGC 7232 triplet (separated by ∼ 3.8 • ). Although the ASKAP-12 observations were carried out in ∼ 175 h over 16 nights, full WALLABY will be able to achieve better sensitivity in a single 12 h observation, using 36 antennas, and study resolved galaxy groups at different stages of evolution across the entire southern sky. The mosaicked image cube produced with ASKAPsoft is publicly available and can be downloaded at https://doi.org/102.100.100/74066.
